One sentence summary: This mini-review summarizes the currently available knowledge on the abundance, phylogenetic diversity, specific adaptations and potential roles of planctomycetes in peatlands.
INTRODUCTION
The Planctomycetes is one of the highly diverse and widespread phyla of the domain Bacteria (Fuerst, 1995 (Fuerst, , 2004 Ward 2010; Jenkins and Staley 2013) . These morphologically distinct microorganisms have long been addressed as peptidoglycan-less bacteria that possess compartmentalized cells and a number of unique, eukaryote-like traits (Fuerst and Sagulenko 2011; Fuerst 2012) . With the advent of novel microscopic techniques and the development of genetic tools for Planctomycetes many of the former views on the cell biology of these bacteria have been reconsidered and many controversies have been resolved (Devos 2014; Rivas-Marín and Devos 2018; Wiegand, Jogler and Jogler 2018) . Most importantly, planctomycetes were found to possess a peptidoglycan cell wall and to comprise a cell plan comparable, yet distinct, to other Gram-negative bacteria (Jeske et al. 2015; van Teeseling et al. 2015; Boedeker et al. 2017) . Despite this recent paradigm shift, Planctomycetes remain one of the most puzzling objects in the microbial world (Rivas-Marín and Devos 2018) .
Characterized planctomycetes belong to three-recognized orders, namely the Planctomycetales, Phycisphaerales and Candidatus Brocadiales (Schlesner and Stackebrandt 1986; Fukunaga et al. 2009; Ward 2010) . Of these, a comprehensive knowledge of the metabolic potential and functional roles in the environment is available only for chemo-lithoautotrophic 'anammox' planctomycetes of the order Candidatus Brocadiales, which are capable of anaerobic ammonium oxidation (Strous et al. 1999; Jetten et al. 2009; Kartal et al. 2012; Peeters and van Niftrik 2018) . The orders Planctomycetales and Phycisphaerales accommodate chemo-organotrophic planctomycetes, which utilize a wide range of organic compounds and differ with regard to environmental adaptations.
Originally described as freshwater microorganisms, planctomycetes were later shown to be ubiquitous in a wide range of aquatic and terrestrial habitats (Schlesner 1994; Fuerst 1995; Neef et al. 1998; Wang et al. 2002; Wiegand, Jogler and Jogler 2018) . Highest abundances of these bacteria are commonly observed in water-saturated environments that are rich in plant-derived organic matter, such as wetlands. Wetlands are on the transition between aquatic and terrestrial ecosystems and represent ecologically important environments due to their high productivity, their nutrient recycling capacities and their prominent contribution to global greenhouse gas emissions (Bodelier and Dedysh 2013) . The global area of natural wetlands is about 5.3-5.7 × 10 6 km 2 (Matthews and Fung 1987; Aselmann and Crutzen 1989) . Northern wetlands, which are located between 50
• N and 70
• N, are peat-accumulating ecosystems in which the amount of carbon sequestered in net primary production exceeds the amount of carbon lost to the atmosphere by decomposition of organic matter (Moore and Bellamy 1974; Clymo 1984) . Sphagnum-dominated peat bogs and fens are the most extensive types of northern wetlands. A large proportion of the indigenous microbial communities in these environments is represented by as-yet-uncultivated bacteria with unknown physiologies (Dedysh 2011) . This is one of the ecosystems where Planctomycetes are highly abundant and phylogenetically diverse Kulichevskaia et al. 2006; Ivanova and Dedysh 2012; Moore et al. 2015) . Various cultivationindependent studies showed that planctomycete-like 16S rRNA gene fragments make up 5% to 22% of total 16S rRNA gene reads commonly retrieved from Sphagnum peat Bragina et al. 2012; Serkebaeva et al. 2013; Moore et al. 2015; Ivanova et al. 2016b) . The proportion of Sphagnum-dominated wetlands declines in high-latitude regions, where mosses are replaced with lichens. Lichens are an important component of the vegetation cover in many ecosystems of tundra (Asplund and Wardle 2017) . Degradation of lichen-derived litter is the basis of the microbial food chain in these ecosystems. Similar to Sphagnum-dominated boreal peatlands, planctomycetes are also abundant in lichen-covered shallow wetlands of tundra (Danilova et al. 2016; Ivanova et al. 2016a) . Both boreal and subarctic wetlands represent a rich source of uncharacterized planctomycete diversity since most 16S rRNA gene reads from these bacteria, which are commonly retrieved from peat samples, cannot be classified at the genus or even at the family level. Last decade, several representatives of peat-inhabiting planctomycetes were isolated in pure cultures and described as representing the new genera, namely Schlesneria, Singulisphaera, Zavarzinella, Telmatocola, Paludisphaera, Fimbriiglobus and Tundrisphaera (Kulichevskaya et al. 2007b , 2008 , 2012b , 2017a . The metabolic potential of these cultured planctomycetes has been examined by means of the comparative genome analysis and the experimental tests, which revealed a number of as-yet-unknown traits.
Here, we provide an overview of the currently available knowledge on the abundance, phylogenetic diversity, specific adaptations and potential functions of planctomycetes that colonize boreal and subarctic wetlands.
Abundance and profile distribution of Planctomycetes in wetlands
Examination of peat material sampled from both boreal and subarctic wetlands by fluorescence in situ hybridization (FISH) with planctomycete-specific, 16S rRNA-targeted oligonucleotide probes commonly reveals numerous spherical or ovoid-shaped cells, which are arranged in chains or shapeless cell aggregates and are mostly attached to the particles of non-decomposed organic material Kulichevskaya, Pankratov and Dedysh 2006; Ivanova and Dedysh 2012; Dedysh and Kulichevskaya 2013; Ivanova et al. 2016a) . Early FISH-based studies relayed on using an equimolar combination of two oligonucleotide probes, PLA46 and PLA886 (Neef et al. 1998) . The target specificity of these probes is restricted by the orders Planctomycetales and Candidatus Brocadiales, and does not cover members of the Phycisphaerales as well as some uncultivated groups of planctomycetes. These two probes were used in FISH to assess the abundance and depth distribution of planctomycetes in nine boreal wetlands of different geographic locations within European North Russia and West Siberia (Ivanova and Dedysh 2012) . The trophic status of these wetlands varied from oligotrophic to eutrophic and the pH varied from 3.7 to 6.0. As revealed in that study, planctomycetes were most abundant in the uppermost, oxic layers of the wetland profiles, and declined slowly with depth. A characteristic pattern of planctomycete distribution within the depth profile of a Sphagnum peat bog is given in Fig. 1A . The respective cell numbers in oxic peat layers were in the range 1.1-6.7 × 10 7 cells per gram of wet peat, comprising 2% to 14% of total bacterial cells and displaying linear correlation to the peat water pH. Highest cell numbers of planctomycetes were detected in mildly acidic (pH 5.3-6.0) fens, whereas low abundance of these bacteria was more typical for more acidic (pH 3.7-4.5) ombrotrophic bogs. Later, the conventional set of planctomycete-specific probes, PLA46 + PLA886, was complemented with one additional probe, PLA929 (Ivanova et al. 2016a ). This novel probe displayed good diversity coverage for the order Planctomycetales and, in contrast to PLA46 and PLA886, was also specific for members of the order Phycisphaerales. The latter represent an important component of planctomycete community in wetlands (see below) and, therefore, complementation of the conventional probe set with PLA929 resulted in an apparent increase in detection efficiency suggesting the presence of Phycisphaera-like planctomycetes ( Fig. 1B1 and B2 ). The abundance and the pattern of depth distribution of planctomycetes in a shallow subarctic peatland (Fig. 1B1 ) were comparable to that in a boreal Sphagnum peat bog. Cells of planctomycetes were evenly distributed over the profile and were present in all peat layers above the permafrost table, which was at a depth of 25-30 cm at the time of sampling. By contrast, depth distribution patterns of planctomycetes in a lichen-covered upland tundra soil were somewhat different (Fig. 1B2) . Cells of planctomycetes were localized in a relatively thin (6-8 cm) surface organic layer, just beneath the lichen cover, and sharply declined in abundance in subsurface sandy soil. In all of these ecosystems, high abundances of planctomycetes were observed in layers rich in plant-derived organic matter.
One additional insight into a depth distribution of planctomycetes in peatlands was made via the intact polar lipid analysis of peat cores collected from two Sphagnum-dominated wetlands in Sweden and Northern Russia (Moore et al. 2015) . This analysis was based on a finding of novel ornithine membrane lipids (OLs), which are mono-, di-and trimethylated at the ε-nitrogen position of the ornithine head group, in isolates of several peat-inhabiting planctomycetes (Moore et al. 2013) . Various bacteria are known to produce OLs under phosphorus limitation, but methylated OLs have so far been found only in planctomycetes. Specific detection of trimethylornithine membrane lipids in peat sampled over depth profiles of two bogs revealed that their concentration peaked at the oxic/anoxic interface, where the transition from living vegetation to dead plant material occurs (Moore et al. 2015) . Once again, this pattern of planctomycete distribution suggested their involvement in transformations on plant-derived debris in wetlands.
Diversity patterns
The assemblages of planctomycetes colonizing wetlands are highly diverse. The number of species-level operational taxonomic units (OTUs) determined at 97% sequence identity was over 600 in a lichen-dominated tundra peatland (Ivanova et al. 2016a) and over 1600 in a Sphagnum-derived peat (Ivanova et al. 2018b ), which comprised 13.5% and 7% of the total bacterial diversity in these habitats, respectively. This difference in estimated diversity was mainly due to the difference in sequencing depth (ca. 40.000 and 240.000 reads were retrieved from tundra and boreal peatland, respectively). The most abundant groups of 16S rRNA gene reads retrieved from peatlands are commonly affiliated with the Isosphaeraceae and Gemmataceae and are represented by as-yet-uncultivated members of these families, as well as by the genera Singulisphaera, Aquisphaera and Gemmata ( Fig. 2 and Table 1 ). One additional, numerically significant population of planctomycetes in peatlands is represented by members of the Phycisphaera-related soil group WD2101. Members of this lineage have been detected by cultivation-independent approaches in a wide variety of soil environments. The group WD2101 is now classified within the class Phycisphaerae, order Tepidisphaerales, which contains a single characterized representative, namely the moderately thermophilic, polysaccharidedegrading planctomycete from terrestrial hot springs, Tepidisphaera mucosa (Kovaleva et al. 2015) . 16S rRNA gene sequence similarity between Tepidisphaera mucosa and the corresponding gene fragments retrieved from peatlands is low (80%-90%), suggesting that peat-inhabiting members of the order Tepidisphaerales belong to as-yet-undescribed family. Pirellulalike planctomycetes are less abundant in peatlands and cannot be classified at the genus level.
Diversity pattern of planctomycetes in near-neutral highArctic peat soils is somewhat different to that in acidic boreal and subarctic peatlands (Fig. 2) . Although the proportion of planctomycete-like 16S rRNA gene fragments retrieved from these ecosystems is nearly the same as in boreal peatlands (9%-14% of total 16S rRNA gene reads) (Tveit et al. 2013) and (Serkebaeva et al. 2013) , 2-Sphagnum peat bog Lastensuo, Finland (Tsitko et al. 2014 ), 3-lichen-dominated shallow sub-Arctic peatland, northwestern Siberia (Ivanova et al. 2016a ), 4-lichen-dominated sub-Arctic upland soil, northwestern Siberia (Ivanova et al. 2016a) , 5-high-Arctic peatland, Svalbard, Norway (Tveit et al. 2013 ), 6-high-Arctic peatland, Knudsenheia, Norway (Tveit et al. 2013) , 7-boreal freshwater lake Khotavets, European North Russia (Ivanova et al. 2018a ), 8-boreal freshwater lake Morotskoye, European North Russia (Ivanova et al. unpublished data) . The corresponding sequence datasets were downloaded from public databases (GenBank or ENA) and re-analyzed using QIIME 2 v.2018.8 (https://qiime2.org) (Caporaso et al. 2010 ) with the following plugins: dada2 for sequence quality control and chimera filtering (Callahan et al. 2016) , vsearch (Rognes et al. 2016) for clustering with open-reference function using db Silva132 (Quast et al. 2013; Glöckner et al. 2017) with 97% identity, taxonomy classifier using blast against db Silva132 with 97% identity. most of these fragments belong to members of the Gemmataceae, Pirellula-like planctomycetes become the second numerically important group. Gimesia-, Rubinisphaera-and Schlesnerialike planctomycetes occur in all of these habitats in relatively low abundances. Taken together, diversity patterns of planctomycetes in various peatlands are clearly distinct from that observed in aquatic habitats, which are commonly dominated by Pirellula-like planctomycetes (see diversity patterns in boreal lakes in Fig. 2 ).
As mentioned above, most Planctomycetes-affiliated 16S rRNA gene reads retrieved from peatlands cannot be classified at the genus or even at the family level. Obtaining isolates of these microorganisms, therefore, represents a challenge for further studies. One attractive target for future isolation efforts is the group WD2101, which appears to be highly characteristic for peats and soils. Other potential targets are representatives of the most abundant OTUs that are commonly revealed in peatlands, i.e. uncultivated members of the families Isosphaeraceae and Gemmataceae, as well as Pirellula-like planctomycetes (Table 1) .
The reports on the occurrence of anammox in natural freshwater wetlands are very rare (Zhu et al. 2010; Shen et al. 2016) . There is no evidence for the presence of anammox planctomycetes in Sphagnum peat bogs or other non-polluted oligotrophic types of wetlands, which are nutrient-poor by nature and are characterized with very low concentrations of NH 4 
Metatranscriptomic-based insight into ecological functions
The fact that the maximal abundance of planctomycetes in wetlands is commonly observed at the transition from living vegetation to dead plant material suggests involvement of these bacteria in transformations on plant-derived debris. Planctomycetes were also identified as a numerically abundant component of a bacterial community that develops in the course of Sphagnum moss decomposition (Kulichevskaia et al. 2007a ). The major cell wall constituents of wetland plants and Sphagnum mosses are cellulose, xylan and pectin (Kremer et al. 2004; Bayer and Aviv 2013) . Another relevant biopolymer is the nitrogencontaining polysaccharide chitin, a major constituent of fungal cell walls and exoskeletons of peat-inhabiting arthropods (Stankiewicz et al. 1998) . The potential involvement of planctomycetes in degradation of these polysaccharides was examined in a recent metatranscriptomic study (Ivanova et al. 2016b) . This study included a series of incubation experiments in which native peat from a boreal Sphagnum peat bog was amended with one of the key biopolymers: cellulose, xylan, pectin or chitin. Biopolymer amendment induced a number of substrate-specific changes in the bacterial community patterns, with the Acidobacteria, Actinobacteria and Proteobacteria as the most responsive (Ivanova et al. 2018b ). This response was most pronounced on chitin and related to significantly increased 16S rRNA transcript abundance of Gemmata-and Phycisphaera-like planctomycetes. Members of the genus Singulisphaera showed a significant response to pectin and xylan. Among uncultivated members of the Planctomycetaceae, two increased transcript pools were detected in pectinamended samples and belonged to Pirellula-like bacteria. The analysis of taxonomically assigned mRNA reads confirmed the specific response of Gemmata-related planctomycetes to chitin amendment suggesting the presence of chitinolytic capabilities in these bacteria. Since the ability to degrade chitin, by that time, was not reported for any of the cultured planctomycetes, this metatranscriptome-based study became a starting point for further targeted search for chitinolytic representatives of these bacteria. One of the major obstacles in this search is that many routine laboratory tests, including those used for assessing hydrolytic capabilities, are not fully suitable for these slowgrowing bacteria. Therefore, a preliminary insight into the hidden metabolic potential of planctomycetes via the genome analysis may be of great value for navigating further experimental tests.
Genome-encoded potential of planctomycetes from wetlands
The genome sequences are now available for several described planctomycetes from wetlands, including two members of the family Isosphaeraceae, Singulisphaera acidiphila DSM 18658 T (BioProject PRJNA52461) and Paludisphaera borealis PX4 (Ivanova et al. 2017) . As revealed by the analysis, genomes of these bacteria encode wide repertoires of carbohydrate-active enzymes (CAZymes). For example, the genome of Paludisphaera borealis PX4 T encodes 44 glycoside hydrolases (GH) and 83 glycosyltransferases (GT) affiliated with 21 and 13 CAZy families, respectively. This CAZyme repertoire is highly similar to that in another peat-inhabiting planctomycete, Singulisphaera acidiphila DSM 18658 T . The most-represented families of CAZymes in these planctomycetes are GH5, GH13, GH57, GT2, GT4 and GT83. In addition, their genomes encode several dozens of proteins, which do not belong to any of the currently recognized CAZy families but display a distant relationship to some GHs, glycosyltransferases or carbohydrate esterases. This suggests that peat-inhabiting planctomycetes possess extremely high but partly hidden glycolytic potential and have the ability to utilize a wide range of natural carbohydrates and glycoconjugates. An attempt to trace the evolutionary origin of the CAZymes from Paludisphaera borealis PX4 T revealed that they did not share closest homologues with the enzymes from Actinobacteria and had only a very few closest homologues with members of the Firmicutes and Bacteroidetes (Ivanova et al. 2017) . Apparently, the CAZyme repertoire in planctomycetes differs significantly from those in well-studied hydrolytic bacteria. The genome-encoded potential of Fimbriiglobus ruber SP5 T , a member of the family Gemmataceae, is of special interest. This planctomycete was isolated from the peat bog Obukhovskoye, which served as a source of peat material for the metatranscriptomic study of Ivanova et al. (Ivanova et al. 2018b) . The results of metatranscriptomic analysis of chitin-amended peat from this bog suggested existence of chitinolytic members within the family Gemmataceae. Further analysis, with the focus on Fimbriiglobus ruber-like bacteria, revealed that the pool of 16S rRNA reads from these planctomycetes significantly increased in response to chitin availability (Ravin et al. 2018 ). An insight into the metabolic potential of this planctomycete via the genome analysis revealed several enzymes involved in chitin degradation including two chitinases affiliated with the GH family GH18, GH20 family β-N-acetylglucosaminidase as well as the complete set of enzymes required for utilization of Nacetylglucosamine. The gene encoding one of the predicted chitinases was expressed in E. coli and the endochitinase activity of the recombinant enzyme was confirmed in tests with synthetic soluble substrates. Interestingly, the complete set of genes required for the assembly of type IV pili, which are used to adhere to various surfaces and are important for 'twitching motility', was also found in the genome of Fimbriiglobus ruber SP5 T . As confirmed by the electron microscopy, these fine structures were indeed present on a cell surface of this planctomycete and caused high cell aggregation in liquid cultures (Kulichevskaya et al. 2017a) . Apparently, these structures are used to adhere to chitin and possibly other biopolymers. Although enzymes required for utilization of Nacetylglucosamine as a carbon and nitrogen source are widely distributed in members of the order Planctomycetales, enzymes similar to GH18 family chitinases from Fimbriiglobus ruber SP5 T are present in only a few species, including Planctomicrobium piriforme DSM 26348 T , Planctomyces sp. SH-PL14 and Phycisphaerae bacterium ST-NAGAB-D1. Ability of these planctomycetes to degrade chitin remains to be verified experimentally.
Cultivation-based proofs for the presence of hydrolytic capabilities
The spectrum of polysaccharides degraded by the currently described planctomycetes from wetlands is given in Table 2 . All of these bacteria are capable of degrading various heteropolysaccharides of plant origin, such as xylan, pectin, starch, lichenan and laminarin (Dedysh and Kulichevskaya 2013) . For example, the growth rates of Tundrisphaera lichenicola on xylan and lichenan are comparable to those on sucrose. These planctomycetes are members of the family Isosphaeraceae and were isolated from lichen-dominated tundra soils (Ivanova et al. 2016a; Kulichevskaya et al. 2017b) . Lichenan (or lichenin) (C 6 H 12 0 6 ) n , is a cold-water insoluble, gel-forming, linear (1→3)-(1→4)-β-Dglucan occurring in certain species of lichens, including reindeer lichens (Huneck and Yoshimura 1996; Olafsdottir and Ingólfsdottir 2001) . Good growth on this polysaccharide suggests involvement of Tundrisphaera lichenicola in degradation of lichenderived debris in tundra ecosystems. Various heteropolysaccharides of microbial origin, such as gellan gum (a complex polysaccharide produced by Sphingomonas elodea, Phytagel TM ) and xanthan gum (synthesized by Xanthomonas campestris), are also among the preferred growth substrates of planctomycetes. The apparent ability of hydrolyzing gellan gum was one of the reasons for isolating Paludisphaera borealis PX4 T , since colonies of this planctomycete formed visible depressions in a Phytagel-solidified medium (Kulichevskaya et al. 2016) . Phytagel and xanthan were the only substrates supporting growth of Candidatus 'Nostocoida acidiphila', a filamentous acidophilic peat-inhabiting planctomycete (Kulichevskaya et al. 2012a) . Good growth on xanthan was described also for the thermophilic planctomycete, Thermogutta terrifontis, which was isolated from a microbial mat in a terrestrial hot spring (Slobodkina et al. 2014) . The use of stable-isotope probing to identify soil bacteria that assimilated the exopolysaccharide produced by Beijerinckia indica revealed various planctomycetes among primary degraders of this compound (Wang et al. 2015) . Apparently, the ability to degrade exopolysaccharides of microbial origin is characteristic for many members of the phylum Planctomycetes. By contrast, the experimental proofs for the presence of cellulose-and chitin-degrading capabilities in planctomycetes are rare. The ability to grow on cellulose has been demonstrated only for a single representative of the family Gemmataceae, Telmatocola sphagniphila (Kulichevskaya et al. 2012b) . Incubations of this planctomycete with carboxymethylcellulose, fibrous cellulose and microcrystalline cellulose as growth substrates revealed continuous CO 2 production. Microscopic examination of the respective culture liquids revealed numerous cells being attached to micro-particles of these polymeric substrates. Notably, only very low concentrations of reducing sugars released in the medium (i.e. one order of magnitude lower than those commonly measured for known fast-growing cellulose degraders) were detected in these growth experiments. Other methods routinely used for testing cellulose degrading capabilities in microorganisms, including cellulose disappearance from culture medium, could not be used for Telmatocola sphagniphila due to its slow growth on this substrate.
The only experimental evidence for the ability to degrade chitin was published for Fimbriiglobus ruber SP5
T (Ravin et al. 2018) . Interestingly, the original description of this planctomycete reported only a weak growth on amorphous chitin as a sole source of carbon (Kulichevskaya et al. 2017a) . The tests for growth on chitin were repeated once again, after the genomic determinants for chitin degradation were found in this bacterium (Ravin et al. 2018) . In these tests, however, chitin was offered not only as a source of carbon (which is a standard practice to test for chitinolytic capability), but also as a source of nitrogen. Unexpectedly, this planctomycete grew well with chitin as a source of nitrogen but displayed only a trace growth on chitin as a sole source of carbon. Microscopic examination of the cultures supplied with glucose as the source of carbon revealed micro-particles of amorphous chitin being densely colonized by planctomycete cells. Although reducing sugars were not detected in culture liquids, the corresponding chitinolytic activities of Fimbriiglobus ruber SP5 T were confirmed in tests with synthetic soluble substrates. This study suggested that the activity of chitin degradation by planctomycetes may depend on the presence of easily available carbon source. The ability to use chitin as a source of nitrogen is of special importance for planctomycetes that inhabit N-depleted ombrotrophic wetlands. Given the lack of dinitrogen fixation capabilities in all currently described peat-inhabiting planctomycetes, they should either stay in a close association with N 2 -fixing bacteria or rely on degradation of N-containing biopolymers. Apparently, Fimbriiglobus ruber uses the second strategy and obtains required nitrogen from chitin, a major constituent of fungal cell walls and exoskeletons of peat-inhabiting arthropods. It may well be that many planctomycetes from Sphagnum peat bogs or other nitrogen-poor habitats possess similar metabolic capabilities. The existence of wetland-inhabiting dinitrogen-fixing planctomycetes, which are similar to those recently detected in the surface ocean (Delmont et al. 2018) remains to be verified in future.
CONCLUSIONS
Although our knowledge of diversity and roles of planctomycetes in wetlands remains far from complete, we no longer address them as poorly studied bacteria. This is mainly due to obtaining a number of representative isolates from these ecosystems in pure cultures. The newly described organisms increased the resolution capacity of taxonomic analyses used in cultivation-independent studies. This tendency was seen in our research on planctomycete diversity in the peat bog Obukhovskoye, European North Russia, which served as the sampling site in several of our studies. In 2012, the majority (71%) of all planctomycete-related 16S rRNA gene sequences retrieved from this peat bog could not be assigned to taxonomically characterized organisms (Kulichevskaya et al. 2012b) . Five years later, the proportion of taxonomically unassigned reads from planctomycetes declined to 60% (Ivanova et al. 2018b) , suggesting that we are moving ahead in uncovering diversity of Planctomycetes in this type of ecosystems. This move may seem slow, but the time period required for isolating and describing one of these slow-growing bacteria is measured in several years. One of the major obstacles that complicate research on planctomycetes is that many routine laboratory tests, which were originally developed for easy-to-culture and fast-growing microorganisms, are not fully suitable for planctomycetes. One of the examples here are conventional tests used for assessing hydrolytic capabilities. As discussed above, the use of these tests did not allow identifying chitinolytic capabilities in Fimbriiglobus ruber. The latter finding was made due to a combined application of several approaches, including metagenomics, comparative genome analysis and further verification of the genomeencoded potential via modified growth tests (Ivanova et al. 2018b; Ravin et al. 2018) (Fig. 3) . This story would be incomplete without a final step, i.e. an experimental confirmation of the genomeencoded metabolic potential of a novel organism. Apparently, planctomycetes can function as slow-acting degraders of various biopolymers, including cellulose and chitin. This is why water-saturated habitats with primarily decayresistant organic matter are one of the preferred eco-niches of these bacteria. Planctomycetes also tend to develop within microbial biofilms, which is most likely explained by their ability to degrade exopolysaccharides produced by other bacteria. The hydrolytic potential of Planctomycetes remains largely underestimated and calls for more detailed research. However, this is only one of the potential roles of planctomycetes in the environment. Given that currently characterized organisms represent only a minor part of the whole planctomycete diversity in wetlands, further efforts are needed for exploring the uncultured planctomycete majority in these ecosystems. Conflicts of interest. None declared.
